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INTRODUCTION 


The use of black blasting powder as an explosive in coal mines has long 
been recognized as hazarcous and has been responsible for many of the worst 
disasters in American coal mines. One of the most pressing of the numerous 
problems confronting the Bureau of Mines upon tts creation in 1910 was to 
determine methods that would lessen the hazards created by the use of explo- 
sives in coal mines. The Bureau continued the study begun by the Technologic 
. Branch of the Geological Survey as to the nature of explosives and made 
_ numerous tests to determine types of explosives suitable for blasting in 

coal mines. ‘The Bureau. has tested and approved hundreds of types of explo- 
sives and has disseminated information on methods and conditions for use 
underground to make tnem permissible as to safety. The Bureau of Mines has 
- encouraged the use of permissible explosives for coal-mine blasting, and 
its eee both in the laboratory and in ie field believe that the use of 


ee ee 


andcrercuna: coal eas Despite the eer published at various times 
and in numerous ways end the general knowledge cr the hazards that the use 
of black blasting powder in any form creates in the blasting of coal, the 
coal mines in tho United States, during 1947 usctl approximately 34 million 
pounds of black blasting powder (granular or pellet), or approximately 11.8 
percent OF ‘the Rach ies auensy of explosives used by the coal-mining industry. 


|| Many coal minios of the United States, for various and sundry reasons, 
probably will: continue the use of black blasting powder, and this circular 
- has been writton for. the. benefit of such uscrs, not that any suggestcd method 


or methods’ will maKS: tho uso. of. this oxplosive safc, but it has been found 


Se eee ee ee 


- COMPARISON OF THE CHARACTERIS sTIC ACTION OF BLACK BLASTING 
POWDER WITH OTHER EXPLOSIVES USED IN COAL MINES 


| Two forms of black blasting powder are now used for blasting purposes 

iri coal mines in the United States - granular and pellet. Granular, the 
oldest form,.is a loose, free-running, definitely grained powder, which 
either is used. malo or made into relatively loose cartridges, whereas pellet 
pressed into Se dad ical pellets. Pellet powder was first introduced about 
1925 and rapidly gained favor with some sectione of the coal-mining industry, 
largely because it -is considered a "safe powder"; it was supposed to be mch 
safer than granular powder. During 1947, approximately 3- 1/2 times as mich 
pellet powder wae sold to the coal-mining industry as granular, as 77.3 per- 
cent, or 26,219,575 pounds, of a total ‘of 33,904,900 pounds of black blasting 
powder sold was of the pellet type. As the chomical composition of pellet 
and granular black blasting powder is basically the same and the cfirects 

- are similar, in the following discussion black blasting PoMcey refers to 

both the pellet and the granular forn. 


Black blasting powders are classified as low explosives and are deflag- 
rating explosives, in that they burn progrossivcly over a relatively sustained 
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period of time in comparison with high explosives, which decompose almost 
instantly. The’process of changing black blasting powder froma solid to 
@ gaseous state is termed “the rate of: burning". and hag been. found to. be 
about 1,500 feet a second, whereas the conversion df penubeesure explosives 
and, dynamite from a solid to a gaseous state ig termed the “rate of detona- 
tion" and varies from 4,700 to 15,000 feet a second, each brand having its 
own well-defined rate; the rate for 40- -percent dynamite is about 15,000 
feet a second. Thus, the action of permissible explosives is about 3 to 

1O times quicker than bleck blasting powcer, whereas dynamites are about 

10 times quicker. The theoretical unit pressure produced in the conversion 
of black blasting powder from a solid to @ gaseous state is approximately 
‘70,000 pounds, or 55:tons. pér square inch, whereas that of permicsible cx- 
plosives ranges. from’70,060. to 125,000 pounds, or 45. to 62-1/2 tons per 
square inch; dynamite produces,a unit pressure of over 115,000 pounds, or 
5T- 1/2 tons per squarc inch. The relatively slow action and small unit 
preesure developed by black. blasting powder has a heaving action that is 
‘usually productive of a maximum percontaco of lump cecal, whcreas the extreme 
qQuicmess and heavy unit pressure devcloped by dynamite is responsible for a 
shattering effect upon cecal, which results in procuction of a product having 
a relativoly large percentage ofthe fine sizes. Permissible explosives 
with a fast rate of detonation may anyroximate the properties cf dynamite, 
except the unit pressure develcped is scmewhat less than that of dynemite ; 
no permissible exnlosive has yet been placed on the market that has the 
heaving, lump-coal action of bleck blastins powder, althouch some approach 
it. The characteristic acticn cf the comparatively slow-burning black 
blasting powder, with its heaving or wedging effect-to break the coal into 
lumps’ in comparison with the quick shattering cffect of permissibles, has 
had a tendency to mekc many coal-mining operators hesitate to adopt permissi- 
ble explosives. However, in recent ycears.the munufacturcrs of explosives 
have developed permissible oxplosivcs with a unit pressure. approximately 
that of black blasting powder, with a rate of detonation about three times 
the burning rate of bleck blasting powder. These explosives, when proporly 
‘used, can, if carcfully manipvlated, blast satisfactory grades and percent- 
ages of large-size coal, ae re peavey Well with that blasted by 
black blasting powdcr. | ; 


Highly detrimental characteristics of black blasting powder, distinctly 
different from permissible explusives, are the length and duration of the 
flame following aera ie The curation of the flame of black blasting pow- 
der is 1,500 to 3,500 times that of permissible explosives or dynamite. 
Experiments have ‘shown: that when black blasting powder is ignited, the flame 
lasts 1-1/2 seconds; whereas, when permissibles or dynamite are detonated, 
the flame endures for only avout threv-ten-thousandths of a second. Simi- , 
larly, the length of the flame for black blasting powder is two to four times 
greater than that of permissible explosives, anc. about. twice that of dynamite, 


In blasting, the theoretical flame tcmpcrature of piace blasting powdcr 
and permissible cxplosives is nearly the same; however, black blasting pcw- 
der has a slightly higher tempcraturce whereas dynamite has virtually double 
the heat intensity of black blasting powder or permissibles. The flame 
tempcratures of black blasting powder or dynamito arc intense cnough to 


~~ 
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ignite flammable mixtures of gas or coal dust in suspension in air. Bureau 
of Mines tests have shown that although dynamites and permissible explosives 
have essentially the same time duration of flame, the mich higher flame 
temperature of dynamite causes ignition in nearly all tests in a gas or 
coal-dust mixture in air. Permissibles are detonated without ignition, 

but black blasting powder, which has a flame temperature nearly that of 
permissible explosives, causes ignition in every instance, owing to its 
extremely lcng flame duration as well as greater flame length. 


The ease oF ignition and the promptness with which black blasting powder 
explodes differ greatly from those cf permissible explosives and dynamite. 
Black blasting powder is easily ignited by sparks, flames, or other sources 
of heat and explcdes promptly when ignitod, whereas permissible ecxplosives 
are not easily ignited by any of thesc heat sources and do not burn vigor- 
ously nor explode promptly when ignited. This ready flammability of black 
blasting powder has been tho cause of innumerable accidents both underground 
and on the surface. 


DECLINE IN THE USE OF BLACK BLASTING POWDER IN COAL MINES 


In 1947, coal mining required the use of 286 million pounds of explo- 
sives, or 46 percent of the commercial explosives produced and sold in the 
United States. These explosives were used in mining approximately 676 mil- 
lion tons of bituminous coal and anthracite, with the exception of about 9 
percent of the bituminous coal, which was mined by blasting devices other 
than explosives. The percentage of explosives used in coal mines gradually 
increased during the war years; in 1942, 1943, 1944, and 1945, 35.3, 39.7, 
47, and 48 percent, respectively, of the tctal quantity of commercial ex- 
plosives manufactured and sold in this country were used in coal mining. 

Of the three types of explosives used in coal mines - high explosives, per- 
missible explosives, and black blasting powder - the latter two are used | 
almost exclusively in coal mines. Less than l percent of permissible ex- 
plosives manufactured in 1947 wae used in other than coal mines, whereas 
for the past few years 91 to 94 percent of the black blasting powder 
produced has been for coal-mine use. 


Granular black blasting powder and dynamites were used cxclusively in 
coal mines before 1902, at which time the first short-flamc explosives were 
introduced with a view to decreasing the gas-ignition hazards attending tho 
firing of shots. Seven years later, the first permissible explosives were 
introduced, and in 1909 about 4 percent of the total quantity of explosives 
used was of the permissible type. The percentage of black blasting powder 
used in coal mines gradually decreased from 1909, when more than 90 percent 
of all explosives used was black blasting powder, to 11.8 percent in 1947 
for all coal mines. 


The downward trend of the use of black blasting powder as a coal-mine 
explosive is shown in table 1, where the amounts of explosives used for 
blasting are given in percentages. 
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TABLE 1. - Percentage of different explosives used _ in coal mining 


Bituminous: .. _.- . Anthracite a 
-Black {Permis-:| . High- [Black |Permis- [ High 


Year | powder | sibles [explosives | powder | sibles | losives 
LORY cece pene eres o4.0 , 10.9 |... 1 60.4 12.3 27.3 


5.1 i ae 

1920 sseassccese | 78.521) Ie, 1. Te. | 25.4 | 16.7 (37.9 
1925 seoeceseese | “70.8 |, 23.7 | 5-5. | 29.9 | 28.3 | | 41.8 
1930 eecseseeees | 63.3 | 30.9 | 5.3 26.0. | 32.8. | | yh.e 
1945) uicwsaccase b (66c2: | 28.8. | —d55.0. 24.8 | 37.7 | 37.5 
1052 Lccnc tae 1. 6Os% | 2.5 | 6.4 | 23.3°! ho.8 | 35.9 
1055: cpa eeewsen< 67.3. 25.9. 6.8 | 17.6 | 4ue.g =| | 39.2 
1954 weeeeeeeeee | 65.0 | 279°) 9 7-2 | ATeh | ho | hee 
1935 vesceesenee |-62.6 | 28:6 | 8.8 | 19.0 1.39.5 | | 415 
1956 x -olsinstwaceers 60.5 ; 30.6 || 8.7. | 18.9 | 39.9 : 41.2 
1957 sewiereswinels. | S200 4) 30.9 tnncdlBe | Atel | 5869 | 43.7 
1938 wccvcceceee | 51.3 ' 35.2: ' . 13.55 | 15.9 | Ok 417 
1939 ..ececeeeee | 49.9 | 38.8 | 8 | 15.6 | Mb.o 1 hO.M 
1QWO cesecseeeee | MOL | IQ ©j - 12.0 | UbB | Wee | | 45.0 
QML seececeeeee | BOL | bh.3 . 416.6 | 12.2 | 39.3... > 48.5 
1Q42 srccccceeee | 3359 | -49.5 | 16.6. | 11.1 | 40,0 1 48.9 
Whz cecccvccees | 26.8 | 52.0. ‘| 21.2 | 8.4 35.7 | 55.9 
jie) ee eae . 50.0 | .28.9 {| 7.1 32.5 i 60.4 
NUD: :3 aero wines fF u7ek | | 35h | 5.7 | 28,2, | 66.1 
LONG sactnawsatotns 15.6 | 37.0 | 8 | 28.7 | 66.5 

ft agpenevesose 2. { ; 4 26. 6 ae 


In bituminous-coal. mining, black blasting -powder shows a slow but steady 
decline from 1917 until 1930, when for a few years it increased and did not. 
resume its downward trend until 1935. This was during the depression years, 
when many large operations that used permissible explosives were idle or had 
acurtailed production, whereas many of the:smalier mines, most of which use 
black blasting powder, continued operation. However, since then the decline 
in the use of black blasting powder. has been rapid, particularly since 1940. 

The decrease in the use of black blasting powder has been mre rapid in 
anthracite than in bituminous-coal mining. In anthracite mining the decrease 
was from 60 percent in 1917 to 4.3 percent-in 1947, whereas in bituminous- 
coal mining the percentages were from 84.0-to 14.1 percent. during tne same 
period. It is intoresting to noto that thc-quantity of black. blasting powder 
used in anthracite mining was first. exceeded by: permissiblo.explosives in 
1926, whereas in bituminous-coal mining it was not until 1941, 15 years 
later, that more permissibles than black blasting powdor wore used. 


The 4.3 percent of black blasting powder used in anthracite mining dur- 
ing 1947 represents 2,783,080 pounds, whereas the 14.1 percent in bituminous- 
coal mining represents 41,121,820 pounds, a total of 33,904,900 pounds, which 
is a marked decrease from 1917, when all mining used 235,750,300 pounds of 
black blasting powder, of which 199,996,775 pounds were used in bituminous- 
coal mining. 


Although the figures in table 1, which includes underground and surface 
mining, show a gradual and steady decrease in the use of black blasting 
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powder, they do not reflect a corresponding increase in the use of permissi- 
ble explosives, as both permissibles and high explosives are used to replace 
black blasting powder. The increase in the usé of high explosives other .--: 
than permissibles since 1940 results from the increase in rock work in the - 
development of new mines and from the rapid strides made in strip mining. . 

of bituminous coal, which increased from 43 million tons in 1940 to approxi-: 
mately 135 si tone in 1947. This also applies to anthracite mining, in..--- 
which mich of the development work is through rock requiring high explosives, 
which are also used in strippings from which the tonnage nearly doubled, be- 
tween 1940 and 1947, increasing from 6,352,700 tons to 12,603,545 tone... 


The gradual decline in the use of black blasting powdor is due primarily. 
to the fact. that permissible explosives have been developed that give the 
_ best combination of safety and efficiency in the blasting of coal up to this. 
time. The suporiority in safety of permissible explosives over black blast- 
ing powder for blasting in coal mines was recognized early, and at the, pres- 
cnt time, particularly within the past 15 years, most.coal-mining men and. 
coal-mining safety enginecrs have condemned as unsafc the uso of black... 
blasting powder in coal minus. The Fodoral Burcau of Minos, from its stud- 
ies and inveatigations of many disasters, took the lead in recommending, that 
permissible explosives, fired electrically, should be the only explosive... 
used in any coal mine, and the Bureau engineers have consistently opposed. 
the use of black blasting powder because of its many inherent hazards and 
ease of misuse in methods of storing, handling, and firing. Several States 
have enacted laws regarding the use of black blasting powder in coal mines; 
although only one State (Utah) prohibited its use, some other States permit 
it to be used only under certain conditions, and several States prohibit its 
use in gassy mines. Some of the manufacturers of explosives are opposed to 
the use of black blasting powder in gassy mines, as stated on page 1 of 
Blasters' Handbook (llth edition) by duPont: “Black powders cannot be used, 
however, in coal mining where mine gas or dry coal dust is present in hazard- 
ous quantities, under such conditions pormissible dynamite should cae be 
used." | 


Before cha anteeduc tien: of permissible explosives, pas bies ie powder 
was the only practicable coal-mining explosive used in the United States. 
Although its use was carly recognized as hazardous, the many rules and rogu-— 
lations adopted for safcty had little effect upon the roduction of fatalities 
resulting from blasting accidents and explosions ignited by’ cxplosives.. There 
was no noticoable reduction in this class of fatalities until after decrease 
in the use of black blasting powdcr had becomo definite. The following table 
givos the blasting fatalitios in bituminous-coal and anthracitc mines: 
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TABLE 2, - Fatalities from explosives (underground only) . 


Gas and dust explosions caused: 


parabtay due to explosives by blasting or explosives | Total 
Anthracite iBi tuminous!* Total | Anthrac: ite | Bituminous | | Total, All causes 
22 | 22 110 | - : i set 13 
kg 78 : 127 : | ‘ Oe “Se 
ee a ae ee ae | - eee Gees 
1930 —S—7 31 7 | 78 ) 9 | 1 es EB 
1933 | 25 | 15 j 40 | O 1 er va 
1932 15 21 36. || 0 | 38 1 38 | Th 
1933 | 10 | 2k sh iO | o | oOo] 3! 
1934 | 15 | ek "| 36 | 1 | 0 Pt hd . 
a eee a a bie ES 
1936 | 20 31 fet ‘| 0 | : 52 
1957 jk | ) a > | - a) aa 
aay aii I >, | 50 i 511 8&8 
Mee ir. | 15] 2] | BB foo) bt 
1940 © 8 28 . 36 | 1 | 73 7h | ae 
1941 | 12 | 2h | 36 | 1 | 3 | 4 ly 
19h2 13 a Ge ee Ga | - ; x hd 
1943 | 9 27 Ln REGO 0 | 1 | 1 at 
194h - 16 : 29g | 35 | 0 | : pe 4 36 
1945 «| 9 | Oh 1 33 O | 1h oe 7 
19h6 8 + as lye ae | 15 / 16 | LO 


19472/ | ts) Oh 2 BOs i? 330 | 120..|>. Th9: 
1/ Preliminary. | 


This table shows that underground fatalities caused by explosives have 
decreased materially in recent years, following closely reduction in the use 
of black blasting powder, as shown in table 1, and with it many hazardous 
blasting practices, including tne firing of shots with fuse and sulfur squibs. 


Reduction in the number of fatalities from gas and dust explosions 
caused by explosives or blasting is cue largely to the increased use of per- 
missible explosives, particularly in dangerous mines or in hazardous dusty 
or gassy sections of mines. Since 1940, nearly all tho coal-mine explosions 
due to blasting were initiatec. by black blasting powder. The great loss vf 
life in 1940 was largely the result -of onc disaster in which a blown-out shot 
of black blasting powder initiated an cxplosion that took 72 lives. The - 
other deaths from blasting in bituminous-coal mines resulted from the use 
of. black blasting powder in small mines. Fortunatoly, the loss of -life was 
small in each instance, as tho explosions occurred on the off-shift while 
only shot firers werc in the mino or while only a few men wero at work. Al- 
though the loss of life was small in each instance, there is always the poten- 
tial hazard of a widespread explosion. Many explosions due to black blasting 
powder have been. reported in which no loss of life was involved, and most of 
these occurred in small mines after the shot firer had reached the surface, 
and in many instances the mine’ Was vent? damaged. 


Explosions from the use of black blasting powder appear to be increasing 
in number in the past few years, as more such explosions were reported during 


2770 -7T- 


ry (OC gle ste eenere 


THE OHIO STATE UNIVER 


I.c. 7492 


the fiscal year of 1945 than for any of the previous 16 years. Four of them 
occurred in one mining district, while-one, which caused nine deaths, re- 
sulted either from dynamite. (wht ch ig more hazardous than permissible explo- 
gives) or the use of permissible explosives in a nondermissible manner. In 
sanuary 1946 an unconfined..charge of dynamite near the bottom of a shaft. 
initiated a dust .explosion-that took 12 lives, injured many persons, and _ 
wrecked the surface structures at or near the shaft. Fortunately, the mine 
had been well rock-dusted, which prevented the explosion from spreading and 
probably saved the 200 or more men in the mine. 


REASONS FOR USING BLACK BLASTING POWDER 


The officials of coal mines in which approximately 34 million pounds 
of black blasting powder was used during 1947 have many definite and varied 
reasons for continuing its use; although some of these reasons may seem un- 
sound to many mining safety engineers, nevertheless many of these companics 
can more or less {ustify its use. 7 


The principal reason given by most users of black blasting powder is that 
they believe it permits production of a greater percentage of lump soal or 
lumps of treater solidity and less slack coal than is produced by other types 
of explosives. These companies, somo large but most cf them smaller opcra- 
tions, depend mainly on the domcstic trade that requires the lump and larger 
sizcs, and there is little or no demand for small sizcs and slack coal. 

These sizes have little or no markctable valuc to the operators, and in 

some instances they met be handlec at a dead loss. The coal in these mines 
is usually shot off the solic, as it is cconomically impossible to purchase 
and install cutting machines in many of these opersticons; furthermore, power 
is often unavailable either at or near the mine. Numerous mines use black 
blasting powder in the production of lump coal, inasmich as other types of 
explosives camnot perform efficiently whon used for blasting off the solid, 
particularly in producing broken coal of mrketable size and solidity. Often 
excess production of the fine sizes or coal means the difference between con- 
tinued operation or closing of the mine; thus, many mines ne the contin- 
vance of the use of black blasting powder. 


This is woll-illustrated in & test recently conducted at a western coal 
mine. The management of the property desired to change from blasting with 
pellet powdor to permissible explosives and had a technical representative 
of one of ths explcosives manufacturers conduct tests in different sections 
of the minc for 2 weeks. All coal is shot off the solid by drilling crows 
that drill, chargc, and fire all shots, and the coal is loaded mechanically. 
Scveral areas of permissible cxplosives with widc rangos of vclocities and 
strengths were used; the amounts of charges varted, and various methods of 
drilling holes were tried, but no appreciable euros of success was obtained 
by any grade of permigsibie explosives or methods in rolling the coal from 
the face and making it easily accessible for mechanical loading. The cost 
per ton of blasting with permissible explosives compared favorably with the 
cost with black blasting powder, but the grade and size of lump coal were 
not comparable; it was also observed that the quantity of fine coal dust Was 
increased. The explosives representative believed that it would be necessary 
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to shear the coal’ to obtain ae tisfactory mee of aGes with ‘permissible 
explosives. After the test, the mine operator stated that he would be will- 
ing to discontinue. the use of black blasting powder if a substitute could be 
found that would do’ the work as well, but that he could not sacrifice his 
market for lump coal; this would happen if he used the permigsibles now = 
available. 


This illustrates the attitude of many operators; however, in this in- 
stance, where power is available and where the coal is drilled and loaded 
mechanically, the operator could and should, in the interest of safety, have 
the coal undercut or sheared when using permissible eaEOey ee: 


Many mines that undercut or shear the coal continue the use of black 
blasting powder, believing that it alone can produce a good grade of lump 
coal. There is little justification for this belief, as it has been proved 
ty practice and experiments that when the coal is cut or sheared grades of. 
permissible explosives are now available that can produce a gradc - of lum 
coal comparable to that obtained with black blasting powder. The operators 
of these mineg should further investigate the use of permissible explosives. 
as a safety measure for protecting both the employeos and the mine property. 


One reason advanced by some companics for tho continued use of black a 
blasting powder is the difference in cost of explosives and methods of firing. 
Generally, this is based upon difforence in cost per shct by black blasting 
powder fired with fuse and cost per shot by permissible explosives fircd — 
clectrically. On this basis, the cost is in favor of black blasting: powder, 
and the ccst of firing shots with fuse is somewhat less than with electric 
blasting. Also, in solid shooting, where drilling and spacing of holes are 
the same for blasting with permissible explosives as With black blasting pow- 
der, the cost is likely to be in ravor of the latter; but if the holes are _ 
spaced and drilled differently, the cost per ton of coal produced by permi ssi - 
bles comparos favorably with the cost of black blasting powder and in many 
instances is in favor of permissibles. 


This 1s well-illustrated by a report in 192 on the cost’ ‘of blasting, 
per ton of coal, with different explosives in the anthracite fields of ; 
Pennsylvania, where virtually all the underground production is from solid — 
shooting. The costs of blasting per ‘ton of coal were as follows: 


“Por ton | 
Where only black blasting powder was used..$ 0.07909 © 
Where only pellet powder was used ......5046. 0.08149 
Where only permissible explosives | were used” o. 08497 


Theso figures indicate that the cost of: blasting with scrRaeSbiE is 
only a fraction of a cent more than with black blasting. powder; this is the 
average cost for the whole district; hencc, it is apparent that in some mines 
the cost of using Pebaeeae ee ai is ae less than when ce vlasting 
powder is used. a ae ; r | 


Figures are not availablo for the cost per oe in bituminous-coal ines 
on tho samc basis as the above for anthracite mines, but thore are numerous 
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records that show a lowering of the cost per ton for blasting by permissible 
explosives after the coal was undercut, overcut, or sheared. There probably 
are many instances where coal 1s shot from the solid by black blasting powder 
instead of permissible explosives and the cost is less;. however, the managers 
of mines in which the coal is undercut cannot justify their continuec use of 
black blasting powder on the bdasis of cost alone, for it has been proved that 
the cost for blasting is the same or less when permissible explosives are 
used. This is because smaller quantitics of permissible explosives arc re- 
quired to perform the amount of work done by black blasting powder. 


Some coal beds and the overlying strata have physical characteristics, 
such ag friability, that are adversely affectcd by quick-acting, shattering 
explosives such as permissibles. To mine friable coal bcds succossfully 
requires an cxplosive having a slow and heaving action that does not shattcr 
the coal; black blasting powder works more succcssfully in this typo of cont 
than other oxplosivos. 


~ Thore aro still many mince (mostly hand-loading) in which the miner 
drills, charges, and fircs the shots, and hore black blasting powdcr is used 
because of the belief that it is easier to use and that a more thorough know- 
ledge of drilling and use of explosives is required when blastin; with per- 
missible explosives. This is largely true, as the number of drill holes per 
face, the diemeter of the hole, placing, inclination, etc., are all important 
when using permissible explosives. The slow action and heaving effect of 
black blasting powder extends over a considerable area, few holes are neces- 
sary, and the exact quantity of black blasting powder for the charge is not 
particularly essential; with permissible explosives, the quick action and 
generally high unit pressure give little opportunity for expansion of the 
gases within the material blasted, make necessary a greater dogree of care 
in cstimating the size of the charge, and probably require a greater number 
of holes to be drilled. While the full breaking effect of permissible ex- 
plosives might bo more difficult to obtain than that of black blasting powder, 
it is probable that these difficulties can be largely overcome if both man- 
agement and miners are willing to accept the experiences of others or, prefer- 
ably, by employing experienced shot firers to drill and fire all shots. 


Some coal-mining companies continue to use black blasting powder because 
of exacting commitments or contracts with the employees that require explo- 
sives to be furnished at a specified cost. Although most of such contracts 
were made before the prosent grades of permissible explosives were available, 
littlo or no changc has bocn mado in the terms of the contract, with the re- 
sult that black blasting powder is sold today essentially for the price it 
was sold for 20 to 30 years ago. Some of the companies using black blasting 
powder have wcll-organizod safoty departments and probably are cognizant of 
the hazards of black blasting powder, but contractual and possibly othor 
conditions make it difficult to effect desirable changes in proccdure. 


Table 3 was prepared from Mincral Markot Report 1555 and 1558; it shows 
the quantitics of various types of oxplosivos sold and the methods of pro- 
ducing coal in thc various Statos and reveals some intercsting information 
obtained whcre black blasting powdcr was used. Although the explosives 
listed in this tablo were sold to mining companies, some of them probably — 
were used for purposes other than mining, such as construction or roadbuilding, 
but usually the quantity used’ for such PEE Oeee Moun constitute only a small 
part of the total. 
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A study of teble 3 reveals that several States having larsze production 
of coal use more black blasting powcer than permissibles. It many of these 
States the production of machine-mined coal greatly exceeds that, from hand- 
mining and solid shooting, thus indicating that black blasting powder is used 
tc a considerable extent for blasting machine-mined coal. Likewise, several 
States use very little black blasting powder while deriving a lerge quantity 
their production from coal that is not machine-mined. No black blasting 
nowder was purcheased during 19h4€ in the State of Utah by coal-mining com- 
panies, wnich produced. nearly 6 million tong of coal. 


Weet Virginia, with an underground production of 129 million tons of 
coal in 1946, used’ only 456,675 pounds of black blasting powder, whereas 
Pernsylvania, with an underground production of 94 million tons, used over 
2 million pounds. Over 7-1/2 million pounds of black blasting powder, of 
which 3-1/2 million pounds was granular, was sold in Kentucky, where the 
undergrcund production was more than 59 million tons. Machire-cut coal was 
3h percent of the total underground prodaction in Tennessee, yet more than 
twice as mech black blasting powder as pormissible explosives was sold. In 
1946 Washington produced (largely from stceply pitching beds) about 43 per- 
cent of the total underground tonnage from solid shooting, but the amount of 
black blasting powder consumed was only about 0.2 percent or the total explo- 
sives used for all blasting. 


Accidents Resulting from the Use of Black Blasting Powder 

Hazards are involved in handling and using any type of explosives in 
coal mines. These hazards are present from the time the explosives are re- 
ceived and stored until they are finally consumed in a blast, but experience 
has shown that reasonable safeguards, precautions, and recognized sare prac- 
tices in biasting will ordinarily minimize many cf the hazards. However, 
black blasting powder has many physical characteristics, not found in other 
explosives, thet make its use inherently unsafe. Some of these hazards. can- 
not be overcome under some conditions by means of reasonable safeguards and 
precautions, Also, throughout the years many dungerous practices and abuses 
have accompanied the use of black blasting powder; this tends to increase or 
accentuate its hazards. Briefly, some of the dangerous practices in the use 
of explosives include solid shooting, firing with fuse or sulfur squibs, usc 
o: short fuse, use of dynamitc and permissible cxplosives in the same hole, 
uce of heavy charges of permissible explosives drilled on the solid and in 
a direction perpendicular to the face, and many other dangerous practices, 
including the uso of combustible stemming or even no stcmming. | 


The following accounts of accidents that have occurred in and around coal 
mines show the need for utmost care and precaution when handling and using 
black blasting powder. These accidents have occurred within the past 15 years, 
many within the past few years. To better illustrate the various hazards and 
the accidents likely to occur, they have been compiled under headings covering 
accidents that are somewhat similar: | a 


1. Ease of ignition. 

2. Electrical ignitions. 

3. Fires caused by black hlasting powder. 
4. Gas and dust explosions. 
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Uniike other explosives, black blasting powder is readily ignited by open 
flames and sparks, and this characteristic constitutes one of the greatest 
hazards in the storing, transportation, handling, and use of this type of ex- 
plosive in or around coal mines, and has been the cause of numerous fatali- 
ties and injuries. Smoking or sparks from burning tobecco and matches probably 
have been the greatest causes of ignition, although the open or naked-flame 
lamp follows closely as a source of ignition. Msny deaths have resulted from 
using 2 pick to puncture a hole in a powder keg when friction or frictional 
sparks ignited the black blasting powder. Friction or sparks from a metal- 
tipped tamping bar igniting loose powder in a borehole also have been the 
cause of many premature explosions that have taken many lives. Report of 
many accidents indicate that any highly heated object is likely to ignite 
black blasting powder, as shown in some of the following incidents. 

Powder dust blowing against a heated stove was ignited. The powder need 
not be exposed to be ignited by excess heat, as there are records of unopened 
kegs being ignited by external heat such as is present during a gas or dust 
explosion or as in a recent incident where a burning machine cable, from which 
power had been cut off, ignited a kcg of black blasting powder when the cable 
was pulled over the keg. 


The greatest disaster from this cauce occurred near the portal or an 
anthracite mine where 143 men were being transported into the mine on a 13- 
car man-trip hauled by a trolley locomotive. Twenty-four kegs of granular 
black blasting powder were distributed in the cars. Investigation of the 
accident indicated that an open light coming in contact with a keg of powder 
was responsible for the ignition. Ninety-two men were killed and forty-four 
were injured. 


1. Five men were burned, four fatally, in a premature explosion of pel- 
let powder in a gravel pit. <A charge of 700 pounds of black pellet powdor 
was to be set off in each wing of a coyote tunnel. The sticks of powder were 
being removed from the cases and "shuckcd" (paper wrappings removed) on the 
pit floor outside the tunnel when the explosion occurrcd. The cause of the 
ignition was not definitely determincd, but it is believed that a hot spark 
or sparks from a steam shovel that was operating about 400 to 500 fvet away 
fell into the exposed powder. This accident, although not at a coal mine, 
could readily have occurred at a coal mine. 


2. The premature explosion of black pellet powder that was being loaded 
onto a supply truck as the night shift was preparing to enter the mine caused 
the death of one miner and seriously burned three others. A case of 75 sticks 
of pellet powder was being loaded onto the truck, which also contained 18 
pieces of 7-foot fuse, a drill, a box of clay dummies, and some steel ties. 
Portions of three or four sticks of pellet powder, with the wrapper removed, 
were lying on top of the explosives box. One of the men near the truck was 
filling a carbide lamp, which, in attempting to light it or after it was lit, 
fell into the box containing the pellet powder. 


3. A driller was fatally burned and another was severely burned as a 
result of a premature ignition of pellet powder. The drillers had completed 
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drilling five holes; two bottom and two top holes had been charged, and it 
was while the last top hole was being charged that the ignitian occurred. 

It was believed by some of the investigetors that the charge was ignited by 
the flame of the carbide lamp the driller was wearing while placing explo- 
sives in the hole. Others believed that the driller's light ignited some 

qas that was forced cut of the hele while inserting the charge,. which in turn 
ignited the pellet powder. 


About a year before this accident, two men were killed in this mine from 
an explosion of 50 pounds of pellet powder and 15 pouncs of permissible cx- 
plosives when tho drill truck thoy were pushing struck a trolley wire that 
was reportcd to have fallen from its hangers. 


This mine is recognized as gassy; even though carbide lights were used, 
nonpermissible electrical equipment was used at the face, the ccal was under- 
cut and loaded by track-mounted lcading machines, and the mine was dry and 
dusty but not rock-dusted. Black pellet powder stemmed with coel cuttings 
and tamped with iron bars capped with Babbitt metal was used for biasving. 
The holes were drilled end charged during the shift but were fired at the end 
o: the skift by shot firers atter ail othcr men were out of the mine. 


4, The explosion of a keg of black blasting powder in a nome caused the 
dcath oF seven and serious injury to four members of a family. The father and 
two sons operatcd a small slopc mine. The keg of powder that exploded was 
stored with other kess in a chicken coop about 75 fret from the house, but 
the explcsivc had becom: damp and it was takun into the home to dry and placed 
about 5 or 6 fect-from a hot stove. It is not mew how the fowder was ignited; 
however, it is kmown that two of the boys haa carbide lamps on their caps, as 
they were preparing to go outside to do some vork. 


5 Six mon, wno were ean their lunch in a@ crosscut about 100 feet 
inby the drift mouth of a small coal mince, dicd from burns resulting from the 
explosion of a keg of biack blasting powder. One or the men was prcparing a 
cartridge when the explosion occurred; all were wearing carbide lights, and 
some probably were smoking. The coal in this mine was shot off the solid 
with black granular powder and a and it was common precise? to open 
the pewder kegs with picks. 


6. Two men were seriously burned, one of whom died later, from an ex- 
ploston of granular black blasting powder. One of the men had borrowed a 
l0-pound lard can cf powdér the previous day and had returned it. They were 
both in a@ small one-room shack used as a mine office, in which was a stove 
that had become overheated. One man was pouring powder from the lard can 
into a powder jack. The door of the shack was open, and apparently a strong 
gust of wind blew some powder dust against the hot stove. : 


7. A fire destroyed the headframe, hoisting house, and tipple of a mine. 
This resulted in the death of two men in the mine. On the morning of the fire, 
&can of FFF black blasting powder was brought to the mine and stored in the 
hoist house. The hoist engine was a convertcd Ford, model A, 4-cylinder 
Zasoline engine having the gas tank above it. Gasoline was supplied to the 
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engine through a 1/4-inch copper tube. The powder was ignited by the heat 
thrown off from an egg-shaved stove. The explosion disconnected the tube 
from the tank and allowed the gasoline to spread the flame. There were three 
men in the mine, but only one was able to climb the 67-foot shart and reach 
the surface. 


8. A shot firer of a drilling crew was fatally burned by the explosion 
or a keg of granular black blasting powder on a drilling truck, which was 
situated about l2 feet from the facc of the room. Ho was sitting on the 
truck and, while making cartridges, attcemptcd to light his pipe, when a spark 
from the match head flew into a keg half full of black blasting powdcr, which 
was on the truck. The truck was well-insulatcd and contained a new electric 
cable, which recently had beon installed on the rcel of the truck. 


. Following the explosion, the State Mine Inspector recommended that no 
emoking be allowed by anyone handling explosives and that permissible explo- 
sives be used. 


All the above accidents were avoidable and resulted from careless han- 
dling of explosives. It should be noted that several of these accidents oc- 
curred with pellet powder after the paraffin wrappers had been removed, thus 
destroying the one safety fcature tho pellot powder might have possessed. 
These relativoly few instances of black-blastinz-powder ignition by flame or 
heat could be miltiplicd sevcralfold. 


Ignitions by Electrical Contacts 


The preceding accidents showed the ready ignition of black blasting pow- 
der by flame, sparks, and heat; it also is readily ignited by an electric arc. 
Most of these accidents occur during transpertation over mine tracks when the 
eare containing the explosives are hauled by electric trolley locomotives. 

An electrical conductor contacting a metal can or keg of powder may quickly 
burn through the keg and ignite the powder. Similar ignitions may occur when 
the negative current is short-circuited through the draw bar, bolts, or any 
metal part of a mine car and comes in contact with a metal powder keg. Elec- 
tric arcs caused by dirty rails, oroken bonds, or while sanding the track 
have ignited locse powder present on a@ mine car or truck. 


The following accidents are cited as cxamples:; 


1. A keg of black blasting powder was exploded while being transported 
on top of a storage-battery locomotive. <A portion of the battery cover was 
missing, and the ‘keg rolled cover onto the top of the exposed battery colls, 
causing a short circuit through the keg, which ignitcd tho powdcr. 


2. Ten kegs of granular black blasting powder werc locded on the 16th 
car of a 20-car trip to be transportcd through the mine a distance of about 
2 miles to anothcr opening, where it was to be uscd on grade construction 
work. The forcman stated thet he instructcd two cmployees to placo the kegs 
in wooden boxes before placing them in the mine car; however, tho kcgs wore 
placed on both sides of tho car, which was of iron-rceinforced wood construc- 
tion, with the draw’ bar extending tho lcngth of the car. The explosion 
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occurred when the trip was about 40C feet inby the portal... Examination at 
the place of accident revealed that bonds Were cut from two rail joints on. 
each side of the track, and two crosstonds were loose from the rail. Arcing 
and sparking were plainly evident when the cars passed these joints. It ig 
apparent that the ignition of the powder was caused by the return current 
traveling through draw bars and couplings of the trip ae to the poor 
return circuit. 


3. The premature explosion of two cases of pellet powder seuss the 
death of one man and scrious injury to two othors. These men were members 
f crews who driil and blast the ccal. <A small wooden truck without ends or 
sidcs and hauled by a cablc-reel locomotive was uscd to carry the elcctric 
irills, tools, pellet powder (in original wocden boxcs), fuse, and paper 
dumy bags for stemming. At the time of the explosion, two of thc mcn had 
just complcted charging the holcs in the face of an cntry and were joined by 
a member of another crew. The explosion occurred as the controller on the 
cable-reel locomotive was opened. It is believed that an electric arc between 
the wheel and the rails, on which sand had been used, ignited a train of loose 
yowder spilled on the sido of the truck wheels and the floor from cartridges 
of powder that had broken preparatory to charging the holes in the entry. 


The above accidents show the nced of utmost precautions when transporting 
black blasting powder, particularly the granular type. Kegs of granular black 
blasting powdcr or indivicval powder cens and cases of pellet nowder should be 
transported in specially designud insulated cars or in an insulated box to 
prevent the possibility of.coming in ccntact with an clectric conductor or 
possi ble short circuits. 


Fires Causei by Black Blasting Powder 


Black blasting powder. has been and still is responsible for many fires. 
These fires were particularly numerous when sranuler black blasting powder 
was the chief explosive used for blasting coal, and there was little decrease 
in the number of fires until after permissible explosives began to displace 
clack blasting powder.: Fleming and Kostor,4/ in discussing the problem of 
fires in Illinois coal mines in 1917, state: ds 


"Furthermore, every mine in the district (Franklin County, Ill.) suffered 
7rom frequent fircs from the use of black blasting powder, the coal igniting 
readily and thero boing some methanc liberatecc at the facc. At somo mines as 
many as 25 fires occurred nightly following the firing of the shots, and in 
two instances 4O were reported. Tho omployment of firc runncrs to follow the 
shct firers and cxtinguish fires became necessary. Four to ten men wore em- 
ployed for: this work at cach of the various mincs, and the relatively small 
number of fires getting beyond. control speaks woll of the Gapaceeney and 
farorulnoss of these men and of tho obeacnal ss? 


4) Fleming, J. R., and Koster, J. W., The Use of Permissible Explosives in 


the Coal Mines of Illinois: Bureau of Mines Bull. 137, 1917, p. 8. 


2770 -l17- 


Google 


I.C. .7h92 | 


The operators and miners agreed upon an improvement in the method of 
using olack blasting powder, but this cid not prevent mine fires, which oc- 
curred at shot-firing time when black blasting powder was used by expert 
miners under stringent regulations. The intreduction of permissible explo- 
sives resulted in a material decrease in the occurrence of mine fires caused 
during the shot-firing operation. 


‘Some coals, particularly those with high volatile content, are more 
roaditly ignited by black blasting powder than others, but in many mines the 
gas reloased during blasting is ignited by the flames of tlack powder, which 
in turn ignites the coal. Squibs.and fusc, when uscd to firc black blasting 
powder, greatly increase the possibility of fircs and have been directly ro- 
sponsible for scores of fires in coal mincs. 


Although fires caused by explosives have becn redvced in numbcr considcr- 
ably since the increascd use cf permissible explcsives, fires continue to oc- 
cur following blasting in mincs with black blasting powder. The nower type of 
‘black blasting powder in pellot form is little different from the granular 
form in its capacity for starting fires, as the proportion of mine fircs 
caused by pcllct powdcr is about equal to that caused by tho granular powder. 


Loss of life and injuries from fires caused by explosives are relatively 
small in number, but property damage and economic. loss are always great, and 
many mine fires ultimately result in explosions that take a heavy toll of life. 
Although most of the fires from explosives are discovered in the early stages 
and are easily smothcred, the possibility oxists that a fire may gain headway 
before it is discovered and may make it necessary to seal a considerable arca 
of the mino or it my result in an cxplosion. The loss of production from a 
scaled areca, cost of scaling and reopening it, and tho dangers of fighting or 
sealing cff a fire arca arc a great prico to pay for the continued use of 
black blasting powder, This loss will continuc to cccur unloss cxtra pre- 
cautions arc taken during and after tho firing of shots in any ccal mino. 


The following examples of fires, all involving black blasting powder, 
show the ease with which these fires occurred and the dangers attending them: 


1. <A fire was discovered in the face of an entry by the fire boss about 
4 a.m. This place had been blasted about 5 p.m. the previous evening, and the 
"shot runner" that followed the shot firer apparently failed to see the fire. 
The entries were sealed within 4 hours and were reopencd 43 days later. This. 
mine had changed from permissible explosives, fired clectrically, to pellet 
owder, owing to the low price of fino sizes of coal and the desire to brcak 
more lump coal. 


| 2. Faco coal was ignited in a pillar during blasting with black pellet 
powdor and squib. The fire was discovercd 3 days later. Attempts to fight 
the firc were unsuccessful, and the fire arca was svalcd. This mino was 
classed as gassy, uscd cloctric cap lamps, permttod smoking, and blasted 
the coal off the solid with pollct powdcor and squids. Fircs worc common 
in the minc, owing to the use of black blasting powder, and occurred on an 
average of once a month, not counting the fircs found and extinguished by 
"Siro runnors." 
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3. Black-blasting-powder shots were fired in a mine about 4:30 p.m, 
and the mine foreman inspected the mine immeciately for possible fires, but 
the smoxe was too dcnse to sce relatively small fires. Six men entered the 
mine about 5 a.m. and did not discover that there was a fire until about 10 
am. The fire had @ good etart, and it wes necessary to seal the mine at 
the collars 6: the sharts. 


h, While making a preshift examination, a fire boss discovered a fire 
in the face of a room off the main slope. Coal was blasted by granular black. 
blasting powder and fuse by shot firers on the off shifts; shots were blasted 
in this room-at 4 a.m. Fires occurred frequently because of gas released 
during blasting, and it wae the ceneral practice to extinguish the flames 
of the burning gas or the fire by shooting dynamite close to the Tire. Dur- 
ing attempts to fight the Tire, several full kegs and partly filled kegs of 
odlack blasting powder were found in the vicinity. of the fire and wcre known 
to be noar the face of the room; this made direct metnhcds of fighting the 
fire hazardous. The mine was flooded by pumping water down the slope. 


5. A firc was discovered at the facc of an entry by the mine Manager 
before the shift entered the minc. Three shots of black blasting powder had 
been fired in the face of the entry » and it is believed the shots ignited a 
gas feeder. The coal was uneoreuy and blasted with single F granular black 
blasting powdcr. 


6, A miner loaded and fired a rih hole in an entry at the beginning of 
the shift. ‘ter waiting fer about 10 minutes for the smoke to clear, he 
returned to the face and found the ioose coal on fire; he had common know- 
ledges of fires cf this type and casually combatted it, but, efter he loaded 
200ub 1-1/4 cars of coal, the flames, which were evidently gas-fed, caused 
him to retreat. The superintendent was notified, and he ordered all men out 
of the mine. The fire @rea was sealed and reopened about a month later. 


There were 21) workers in the mine at the time of the fire. The coal 
was undercut and blasted with pellet powder by the miners any time during tne 
snift., Carbide lights were used for illumination. 


7. A fire was discovered in a small mine when the men reported for work. 
On the previous day, four holes, each charged with three sticks of pellet pow- 
der and stemmed with coal dust, were fired between 2 and 4 p.m. No fire run 
was made, and the fan Was, shut down. The fire was extinguished the day fol- 
lowing its discovery. 


8. <A fire resulted from blasting coal with pellet powder in the face of 
@ room and was responsible for five deaths. Tho Tire apparently was started 
two nights previous to the day the deaths occurred and was evidently discovered 
by the fire boss on his preshift examination; however, the men were allowed 
to enter the mine. A man-trip with le men was pushed through smoke to within 
19 feet of the fire; all of these escaped except one. Four men lost their 
lives in an adjacent entry from inhaling carbon monoxide from the rire. 
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When mine officials were asked why men were allowed to enter the mine 
when a fire was known to be in one section, they replied that there had been 
several similar fires that had been extinguished or loaded out. The fire 
area was sealed. 


Explosions Caused by Black Blasting Powder 


The greatest potential danger in the use of black blasting powder in 
cecal mines, particularly bitwmincus-coal mines, is the hazard of igniting 
cecal duct in suspension or an air-gas mixture resulting in wideepread ex- 
plosions with great loss of life. These eypicsions have cccurred and will 
continue to occur in coal mines where black blasting powder is used unless 
proper precautions are taken during the placing, ckarging, and firing cycle, 
and, even when available precautions are taken, fires and explosions are 
likely to occur when blac’: blasting powder is uscd in coal mines. The record 
of mine explosions caused ty explosives in the United Statcs is one to which 
the coal-mining industry can point with little pride. Tatles 1 and 2 of 
Bureau of Minus Intormation Circular 7004 show that explosives cauged 620 
explosions that killed 7,87 persons from the time records were available 
(for moet of the States 1370-1680) to 1937. Those tables show that oxplo- 
sions from this cause accnunted for 27.7 percent of the deaths and 21.6 per- : 
cent of the exploeions for all causes during that period. From 1937 to July 
1945 there have been 3% explosions due to blasting which caused 187 deaths, 
or about 18.3 percent of the deaths and 15.5 percent of the number of explo- 
sions from all causes. The severity of met cf the explosions since 1937 is 
not high when it is considered that four majcr explosions were responsible 
for a total of 155 deaths, cne of them, in 1940, resulting from a blown-out 
shot of black blasting powder and causing 72 deaths. The number of explosions 
cited above is by no means compicte or accurate, particularly for the earlier 
years, as scores cf explosions originating from blasting caused no deaths and 
slight property damage end prcbably were not reported. Even today, numerous 
local explosions due to using black blasting powder are not reported, espe- 
clally in small mines. 


Although dangexw exists in the use of any type of explosives in coal 
mines, the danger is mich greater from tlack blasting powder than from other 
explosives because of its characteristic duration and length of the flame. 
Records and studies of explosions cuased by explosives show that nearly all 
these explosions have been caused by black blasting powder. Harrington and 
Howell, in Bureau of Mines Technical Paper 567, show in table 4, as compiled 
from data from the Bureau cf Mines files, that 117 explosicns wkick resulted 
in 1,136 dvaths, occurrod in United States coal mines from 1908 to 1922. 
Black blasting powder was invclved in ell but e7 of these explosions; 1k of 
these wore caused by dynamite, and 13 by permissible explosives used in a 
nonpermissible manner. The explosions from permissible cxplosives occurred 
between 192k to 1932, but several have occurred since 1932, 


Before 1930, or before the decrease in its use, black blasting powder 
wag responsible ror the ma‘ority of all explosions in several States and in 
some sections c® cther States. Table 2 in Information Circular 7004 shows 
‘that explosives were responsible fcr between 50 to 75 percent of all 
explosions in some States. 


2770 - 20 - 


Google 


Eeve Cs 


Blown-out and evercharsed shote of black blasting powder have bean one 
of the major causes of mine explosions. The records show that #22 of the 
total of 653 explosions caused by explcsives to June 30, 1945, resulted from 
blown-out shots, all with black blasting powder. Apparently, many of these 
explosions were due to poor blasting practices and lack of precautions. In 

nvocrly stemmcd shots, the flame cf black blasting powder extends several 
Peet from the hole, with the possibility of igniting any coal dust in sus- 
pension or an explosive gas-air mixture. _The hazards are mech greater when 
coal dust is used for stemming or when several shots are fired in rapid suc- 
cession. It has been shown by expcriments that as little as 1 to l- 1/2 eve 
cent of methane, an amount that is not readily detected by a flame safety 
lamp, greatly increaces the explesibility of coal dust. 


Blown-out or windy shots are likely to occur frequently when shooting 
off the solid, unless the hole is properly loaded and the burden or pull of 
the shot is not too great. Yirtually all the mine explosions from black 
viesting, powder in the past few years have resulted from blown-out shots. 
The s@me condition would be present in the case of an overcharged shot, as 
she coal falls before all the powdcr burns, and this may ignite coal dust 

yr gag or a mixture of them. <A properly charged shot may have the same ef- 
rect as an overchargcd shot in the presence of a siip, fault, partings, or 
soft material whon any excess onergy not required to break down the ccal may 
bo expended on the air, thus giving risc to a so-called windy shot. 


A fallacy has existed for meny ycars to the cffect that black blasting 
powder can be usoa in nongassy mincs but not in gassy mincs. Several States 
have laws allowing the uee of black blasting powder in nongassy mines but not 
in gassy mincs. Scveral of the following cxamplcs have disproved this fal- 
lacy, as docs an cxplosion that cccurred ncarly 50 years cgo in a Western 
Statc whon 8 dust cxplosion was caused by black blasting powder and took 200 
lives. Bcfore ane subsequent to this cxplosion, explosive gas had never been 
detected anywhere in this mine, and it was a definite example that coal dust 
could initiate and also extend a widespread mine disaster. 


Examples of Explosions Caused by Black Blasting Powder 


1. A blown-out shct igniting coal dust thrown into suspension by three 
previous shots caused a coal-dust explosion that severely injured the two 
miners who had ignited the shots. Four holes spaced 4 feet apart were drilled 
elmost siraight into the face,, charged with granular black blasting powder 
and fuse, and fired in rapid suscession. The miners lit the shots and were 
just a short distance from the drift mouth when they hoaré the first, second, 
and third shots explode, and, after a short interval, they were enveloped in 
fleme and blown along the entry. | 


2. A shot firer in a emall coal mine was killed when a blown-out shot 
ignited coal dust and created an explosion ee spread throughout the mine. 
Tae shot firer was blasting after the mon left the mino and was using black 
pellet powdcr for shooting off the solid. Bylaonce showed that a badly placed 
shot in a room had vartly blown out, and a succecding shot was fired in a 
crosscut that was nearly through. This later shot blew through the crevices 
of the coal and ignited the dust in the adjacent room. 7 
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3. A coal-dust explosion ‘occurred in a mine that used black pellet pow- 
der for blasting the coal; 72 men were killed, 22 were overcome by blackdamp 
and were revived on the surface, 79 were imprisoned for 5 hours before being» 
rescued uninjured, and 2 escaped uninjured. This mine undercut all the coal, 
and shot firers blasted the coal any time during the shift. The powder was 
ignited by electric squibs, and holes were stemmed ‘vith bug dust in paper 
dummies and tamped with copper-tipped steel bars. Pellet powdcr in original 
‘containers was taken into the mine 2 days a week and stored in stcel boxes 
holding 500 to 600 pounds. 


There was a difference of opinion in the various agencios investigating 
the explosion as to the initial cause, but all agrced that black pcllet pow- 
dor was involved. Tho Bureau of Mincs investigators believed the explosion 
was causod by a blown-out shot that was overcharged and stcmmod with bug dust. 


4, An ignition of coal dust severely burned a miner after he fired a 
shot of black pellet powder at the face of a heading. The flame of the explo- 
sion was pronagated a short distance from the point of ignition and was 
stopped by rock dust, the heading having been rock-dusted by machine to the 
last crosscut and heavily hand-dusted to the face. Previous to the ignition, 
two shots had been fired in the face of the heading, the firet charged with 
2-1/2 sticks cf pellet powder and the second, 17 inches below, charged with e 
sticks. Both holes failed to do their work. The miner then mede another hole 
49 inches decp and charged it with 4 sticks, or 32 inches, cf powder, which, 
when fired, ignited the coal dust.: Shots were ignited with electric squibs, 
but it is apparent this hole was overcharged. At the time of the explosion 
the company was planning to change to the use of permissible explosives for 
blasting within a fuw weeks. There were 260 men in the minc at thc time of 
the explosion; many were saved through the thorough application of rock dust 
on the surfaces of tho mine workings. ; 


5. Twenty-three men were killed by a coal-dust explosion created by a 
blown-out shot or shots that had been drilled in a crosscut. The coal in the 
crosscut was shot from the solid. (All other places were undercut.) The 
first shot had been drilled within 14 inches of the adjoining room and proba- 
bly broke through; this threw consicerable coal dust into suspension and also 
probably partly exposed the explosives in the second hole. When the second 
hole was fired, it expended its force largely into the air and undoubtedly 
ignited the dust thrown into suspension by the fire shot. 


The electric equipment in the mine was of permissible type; the coal was 
undercut; carbide lights were uscd; pellet powdcr, stcmmed gencrally with clay, 
was uscd for blasting; and gas was nevcr detccted in the mine. The shots were 
normally fired by shot firers on the off shift, but the above two shots were 
fired by the mincrs while tho shift was in the mine, and coal dust was used 
for stcomming. , 

6. Gas and coal dust were ignited by a blown-out charge of pollet pow- 
der in a holo drilled and shot off the solid in a narrow pillar and severely 


burned four mon. The oxplosion was localizcd, as tho affccted arca had bocn 
thoroughly rock-dusted. Two holes, one on coach side of a 6-foot pillar 
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between room necks, had been drilled almost opposite each siiee. one slightly 
higher than the other, with the bottom of each hole ending about 1 to 1-1/2 
feet from the opposite rib. The ehot firér examined the one room neck for © 
gas and, not finding any, charged and fired the hole; but he did nct examine 
the other reom neck, The shot Dbil.ew through the pillar into the adjacent room 
and ignited gas and coal dust ané caused a local explosion. The coal in the’ 
section where the explosion occurred was shot off the solid. by pellet powder 
Pired electrically; the coal in the other sections.of the mine was undercut 
and blasted by permissible explosives fired electrically. The mino was 
classed as gassy, and gas had been reported in the section where the explo- 
sion occurred. The other 90 men in ene mine at the time of the explosion 

ascaped unassisted. : 


Te Two night dcsses, the only men in the mine, were Killed when blown- 
out shots of black blasting powder ignited coal dust.. Main entry and chain 
pillars were being extracted in this mine and had been extracted tc within a 
few hundred feet of the shaft bottom. The coal was undercut and shot with 
biack blasting powder and fuse by shot firers after the men left the mine. 
The night shirt was idle on the night of the explosion, - and the two bosses 
wore taking care cf pumps and such other work as they could do. 


The mine foreman stated that on the previous aay thrce tight shots had | 
blown the tamping without apparently breaking any coal. The foremin believed 
that the night bosses loaded these same three holes, and the shots again blew 
out. Doubtless, this surmise was correct, as the two. men had signaled the 
engineer for the cage, and as the engineer gave the return signal the explo- 
sion occurred, It apparently had been the intention of these men to light 
the shots and get on top before the shots ia but they evidently miscal- 
culated the burning rate’'of the Fuso. | | | | 


8. A shot firer was‘ killed by a dust supleston wntis Siring shots about 
5 am., his body being found by the day-shift ercw. . The coal was undercut 
by @ comprosscd-air mining machine, and only 2 small amount of explosive per 
hole was required to break the coal. Black blasting powder with fuse ignited 
by an open light was used for blasting the coal. 


The explosion occurrec in a room where the miner had drilled two holes. 
He drilled a 5-foot hole about 12 inches from the rib and roof and evidently 
decided the hole was too low; he then drilled another. about 7 inches above 
the first one. -The shot firer charged the top hole with a stick of pellot 
powder 1-14 inches by 6 inches but failed to plug or stem the first hole. 
Tne charge evidently blew out through the lower hole and ignited the dust in 
the hcle as well eas the dust in the ed of the shot. , 


Gg. A local coal-dust explosion was caused by pean es black blasting 
powdc? in a small mine. The foreman and threo mcn in tho mine at the time 
were unaware of the explosion. The coal was blasted off the solid by black 
granular powder, ignited by fuse, and stemmed with fine coal dust. One of 
the miners loaded four holes cach with 4 pounds of granular black blasting 
powder, using coal dust for stcmming. He lightcd the fuse and left the mince. 
The next morning a fire was discovered at tho face of tho placc, and evidence 
of an explosion was found. 
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Precautions for Using Black Blasting Powder 


. The Bureau of Mines, from its studies and investigations of disasters, 
has found that black blasting powder is unsafe fcr use in coal mines and has 
but one general rule regarding its use: Don't use black blasting powder. 
However, realizing that for various reasons black» blacting powder ig being 
used and undoubtedly will be used for many years, engineers of the Bureau of 
Mines feel that it can be of service by cutlining the least dangerous methods 
of handling it and by suggesting some precautions that will lessen many of 
the hazards arising from its use. 


The formulation of rules or precautions for the safe use of black blast- 
ing powder to cover every mine would be impossible because of the difference 
in working conditions, mining methods, and types of worker's; however, an out- 
line of general precautions based both on lessons learned from the above- 
given examples of accidents as well as scores, probably hundreds, of others, 
and on improved safety practices, should be beneficial to present users of 
black blasting powder. Although some of the following precautions may seem 
liko “old stuff" ‘to many rcaders, nevertheless, it has been found that dis- 
regard of ths simple, fundamental precautions, tozgcther with carelcssncss 
and thougntlussness, has bcen the greatest cause of scores of explosives 
accidents, many of which resulted in widespread disaster. 


Type to Use 


1. Pellet or stick black blasting powder should be used in prererence 
to the granular or loose type formccal-mine blasting. 


The chemical and physical characteristics of granular and pellet powder 
are similar, but the pellet or stick type is, to some extent, at least, less 
dangerous to handle and more convenient to lcad. The wrapped cartridges and 
the wooden cases in which the cartridges are packed minimize the hazards of 
transportation and handling; also, the pellet type removes to some extent 
the handling of loose powder and the making up and filling of cartridges, 
with the cver-present dangcr of spillage. The danger of opening the metal 
keg and the possibility of PpAliees: from a damaged. cr broken kug also are 
removed. 


Several of tho above-described accidunts would probably have been pre- 
vented by the use or pellet powder rather than granular black blasting powder. 


Storagc and Transportation 


1. Black blasting powder should be stored in permanent magazines that 
are theft-resistant and fire-resistant, but they need not be bullet-reaistant. 
The magazine should be dry, well-ventilated, and have natural light. The 
floors should be of wood or other nonsparking material that also presents 
no hazard from friction. Metal magazines should be lined with a nonsparking 
and friction-proof material and be grounded. Also, magazines covered with 
sheet iron should be grounded. For amounts not exceeding 125 pounds, the 
powder may be stored in box-type magazines. Under no circumstances should 
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the powder be stored in or near any part of a store, dwelling, outhouse, 
chicken cocp, or similar structure, or near any inhabited ena nee or 
reilroac, or other public ees Sty that handles passengers. . 


Powder should not be iaangeontea in an cpen cer. For.transporting into 
the mines, the powder should be in a specially designed insulated car or in 
a separate insulated box or boxes; preferably, the black blasting powder 
skould be taken into the mine when the power is off; but when hauled by trol- 
ley locomotive the powder car should be insulated from the rest of the trip. 
Trucke or cars used by shot firers should have special compartments that con- 
tain the nowdcr. , 7 


2. Powder sufficient for one oe shoule should be distributed tc each 
working place. 7 


3. Where powder is stored in the mine for underground dieteinutien: only 
a supply sufficient for 1 day should be stored. 


-4. In mines where the miners carry in: their own powder, well-constructed 
storage boxes pees at least 100 feet from the face should be used for storing 
the powder. 


5. Men carrying black blasting powder shouia not be allowed on man- Topne? 
and powder cars should not be hauled by man-trips. 


The ahove precautions are meant primarily for pellet or stick powder, 
but as granular pewder is still being uced, additional pECeauvecee ace re- 
quircd for its safe handling. - 


There is only one safe and prover way of ovening a metal keg or granular 
powder, viz., by prying up the four metal clips on the bung with a sharpened 
wooden stick and nomewne the metal cap and underlying paper washsr with the 
fingcrs. 7 | | 


A metal keg of black blasting powder should never be opened by punching 
a hole in it with a pick, metal object, or any other device such as a wooden 
pin, wooden wecge, or sharpened piece of wood struck by. a wooden mallet. The 
powder should be poured only from the bung hole. There are numerous instances 
of explosions caused by making an opening in the keg with a pick, wooden de- 
vices, and so-called nonsparking tools, Records are available of some explo- 
sions that show that explosions resulted from attempting to open metal kegs 
or powder with wooden wedgcs, wooden pins, or sharpened pick or axe handles 
and woodcn mallets. 


Miners should not be allowed. to take full kegs or partly full kegs of» 
powder underground. The powder should be carried underground in rustproof 
and moistureproof canisters or jacks, preferably of nonmetallic and friction- 
proof material, in quantities sufficient for only one day's use. The can- 
istere, jacks, or containers should be stored underground in wooden boxes 
placed at least 100 feet from the face or working place. 
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Essentially the same precautions should apply to the storage and trans- 
portation of granular powder. 


Smoking or open lights should not be permitted while any kind of explo- 
sive is being handled or in the vicinity where explcsives are stored or ueed, 
and this applies more eee to black blasting powder than to cther types 
of explosives. 


Placing and © re Holes 


Moat of the accidents tnvolving black blasting powder have wesuitea from 
poor placement or holes and unsuitable procedure in the lcading or firing of 
holes. 


1. All shots should be fired by instantancous electric squibs by em- 
ploying electric blasting units. 


e. Fuce cr culfur or gae squibs shovld not be used for firing shots. 
Electric squibs are safor than either fuse or ordinary squits; thcy 
permit-the miner to control firing from a save distance, allow more complete 
confinement oF the charge, reduce hang-fires and the dengcr cf misfiros, and 

produce lese smoke and toxic fumes. 


3. If possible, ccal dust in the vicinity cf the shct should be wetted 
down before blasting. 


4, The mine should be adequately rock-dvsted, and rock aust should be 
scattered neavily in the vicinity of the shot. 


The advantages or adequate rock dusting were well illustrated in some of 
the examples or explosions given previously in this publicaticn. © 


5. Examinations for gas should be made before charging and firing any 
shot or shots. 


6. Shots should be fired only by certified or qualified shot firers on 
the off shift or when all other persons are out of the mine. 


7. Holes should be examined and charged by shot firers. 


8. A fire runner or some other official should examine the mine for 
fires as soon as an examination can be meade safely. 


9. Only incombustible material, such as moist clay, adobe, limestone, 
or shale, should be uscd for stemming, which should be tamped solidly to the 


collar of the hole. Coal dust, a or other combustible material should 
not be used for stemming. 


10. Only woodcn tamping bars. should be used; on or stecl tamping bars 
or metal-tipped bars should not be used. 
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Stemming 
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Figure |. - Shothole (AG) with dead end, CG; a dangerous shot, HI; 
a properly placed shot, XY. 


Original from 


viatizes by (GO gle THE OHIO STATE UNIVERSITY 


Figure 2A. - Plan view of a poorly 
balanced shot. 


Figure 2B. - Safe method of shooting place 
as shown in figure 2A. 
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11. Shots should be charged and fired singly and not in rapid gucces- 
sion; te fire several shots simltaneously is safer practice than firing 
several shots in quick succe3sion. | 


12. In mines where coal is urldercut, the inside end of the borehole 
siould be at ls 6 inches outside the innermost depth of the cut. 


| We Coal aetna should be well- cleannda from hole before charging. 


4. 0A BOIS should never be drilled in or near the portion remaining 
after a former shot, near cracks, soft partings, or crevices, or in badly 
crushed or fractured coal. Dargor oxists in ehots of this type from the 
flame of the powder and hot powder gases escaping through cracks or other- 
wise and igniting coal dust or gas-air mixturcs or combinations of them. 


15. Holes near the rib should be drillec éavariet to the rib or as nearly 
so as possible to prevent “gripping” shots. 


16, The drill holes should be drilled in such a way that the shot will 
be well-balanced, according to the amount cf material to be moved, and good 
‘udement should Be used in charging ell holes (sce figs. 1, 2A, and 2B) to 
try to prevent their tcing cither unéercharge? or overcharged. 


Iuties of the Shot Firer 


The shot rirer should examine all holes before they are charged, and if 


he has any doubt as to tke cat ety of the plavement of the hole, he should not 
load or fire it. - BR de 


It is usually dangerous to try tc charge and fire a hele @ second time 
arter the charge has misced or failed. 


A gripving hole should be examined carefully; in general, these holes 
are dangerous and should not be firec. 


Care ‘should be taken to make sure that a hole or shot that is dependent 
ig not fired until the first shot is fired and breaks an opening. 


Particular care. should be taken of shots in tight holes, such as at the 
touth of entries, room necks, crosscuts, and in break-throughs near face of 
entrics or pee rooms. ; | 


A hole drilled near a parting or soft streak in tho coal seam should be 
examined carefully before charging. 


The following sketches show suitable methods of placing holes for mini- 
mizing the hazards of blasting while also showing poorly placed holes and what 
te avoid in gaging a hole for. Sane blasting. : 


An understanding of the Following terms or definitions and thier appli- 
cation tc the placement and charging of boreholes should be helpful in re- 
ducing the number of blown-out, windy, and eripping hots with the ever-present 
danger c? explosions. 
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Dead hole. - A hole that extends into the solid coal beyond the point 
from which the coal or rock can break from a loose end or open face. In 
undercut coal it is that portion of the hole beyond the undercut. Hole AG, 
figure 1, shows a hole with a dead end (CG). In hole HI the portion JI is a 
dead hole. 


Heel. - The heel is that part of the shot occupied by the tamping or that 
part of the coal bed to be moved (ABEF, fig. 1) that is back of the charge. 
Often the back end of the shot 1s callod the heal of the chot, as the dis- 
tance AF in figures 1 and 2 and HL in figure l. 


Toe. - That part of the shot or ccal bed to bs moved from ths outer end 
of the powder to the front end of the hole. (BCDE, fig. 1.) The distance CD 
is often called the too of the shot. 


Chance. - The place to which a shot can breek; the distance FD in fig- 
ures 1 and 2 is the “chance" of the shot. 


Line of least resistance. - This is a straight line drawn from the charge 
to the nearest free or open face of the material being blasted. Experience 
has shown that the best results are obtained when this line is essentially 
at right angles to the drill hole. The line of least resistance should be 
shorter than the length of the drill hole; if the line of loast resistance 
is greater than the length of the drill hole, the powder probably will ex- 
pend its force in the direction of the drill hole and fail to do any work. 

In figures 1 and @ the line from C to D and in figure 1 the line from K to J 
ropresents the line of icast resistance. 


Well-balanced shot. - A shot is well-balanced when the line of least . 
resistance is mech shorter than the length of the drill hole and the too and 
the heel of tho shot have about the same width. 


Quantity of powder to be used. -- For safe shooting, the quantity of 
explosives in @ hole should bear a fairly definite relationship to the quan- 
tity of stcmming; gencrally, more stemming than powder should be used, and 
a good margin of..safety is to have one-third more stemming than powder. © 


Poorly Balanced Shots 


Figure 2 shows a dangerous shot. It may bring down the coal and yet 
produce a “windy” shot. The toe and heel should be of essentially the same 
width, and the length should be in proportion to the width of the shot (CD). 
Neither the toe nor the heel should be wider than the height of the coal bed. 
If the toe is narrow and the heel wide, the shot will be likely to blow out 
the toe and may ignite gas or dust in the air. 


In shooting off the solid, the length and the width should bear a cer- 
tain relationship. If the toe is much heavier than the heel, the blast may 
cauee an explosion by blowing off the heel. But if the toe is mech lightcr 
-than the heel, a blown-out shot may occur (and often does) even when the 
coal is undercut. Experienced miners undercut a heavy hecl in order to 
balance a light toe. 


\ 
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The width of the shot in shooting off the solid (CD in fig. 1) in coal 
beds 6 feet or less in height should not be greater than the thickness of the 
coal nor more than 5 feet at the most and should not be more than 5 feet in 
beds over 6 feet thick. A shot measuring more across the point than the height 
of the coal to be removed is generally dangerous. Horizontal holes parallel 
with the partings in the coal or those in soft streaks of coal or shale are 
likely to prove unsafe. 


An wusafe and unbalanced shot is illustrated in figure l by the hole HI. 
This shot is unsafe for the following reasons: (1) The hole is drilled in a 
direction away from the loose end or in such a wey as to grip the rib, causing 
a “oripping shot.” It ig not parallel to the loose end or free face FH. (2) 
There is almost as mich powder as stemming. (3) The shot is much wider across 
the toc (front part of shot) than across the heel. (4) The line of least 
resistance is as long as the drill holo and is not at right angles to tho 
chargc. (5) This charge is dead for a distance of 1-1/2 fect (JI). 


This type of shot is always dangorous, as there is a possibility of the 
powder blowing out the drill hole and expending its force on tho mino air, as 
too much work was put on the powder. Shots of this type have causcd many mine 
explosions. The holes aro improporly placed, and gencrally the holes aro 
overcharged in order to overcome the peor placement of tne drill hole. 


Hole AC, figure 2, is a plan view of a poorly balanced shot. The line 
of least resistance, CD, is as long as the drill hole, and the toe of the 
shot is much greater than the heel. Also, in charging this hole, as mech 
powder as stemming was usec. 


Well-balanced Shots 


A sefe, well-balanced shot is one so laid out that there is every reason 
to believe that the powder will expend its force on the coal and not on the 
mine air. Figure 1 shows a well-balanced shot with drill hole AC. The length 
of the hole is 6 feet, whereas the width of the shot is 4 feet and, in accord- 
ance with safe practice, the quantity of powder used is less than the quantity 
of stemming, whercas the line cf least resistance, CD, is at right angles to 
the charge and 2 feet shorter than the drill hole. However, should the hole 
be extendod to G, the portion CG would be "dcead,” and a differont set of 
conditions would be present, with the possibility of a blown-out shot. 


Hole XY, shown in dotted lincs on figure 1, is also a well-balanced shot 
and is properly charged. This shot should be used for blasting B of the sketch. 


The coal to be shot in figure 2A can be shot safely by placing the holes 
as shown in figure 2B, with shot 1 fired first, followed by shot 2. It is 
mich safer, and in many instances not mech more powder will be used, if more 
holes are drilled and smaller charges are used than if an attempt is made to 

last a heavy shot with only one hole. 
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